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ABSTRACT: Fourier transform infrared (FTIR) spectroscopy pro-
vides a simple and rapid means of detecting lard blended with
chicken, lamb, and cow body fats. The spectral bands associ-
ated with chicken, lamb, and cow body fats and their lard
blends were recorded, interpreted, and identified. Qualitative
differences between the spectra are proposed as a basis for dif-
ferentiating between the pure animal fats and their blends. A
semiquantitative approach is proposed to measure the percent
of lard in blends with lamb body fat (LBF) on the basis of the fre-
quency shift of the band in the region 3009–3000 cm−1, using
the equation y = 0.1616x + 3002.10. The coefficient of deter-
mination (R2) was 0.9457 with a standard error (SE) of 1.23. The
percentage of lard in lard/LBF blends was also correlated to the
absorbance at 1417.89 and 966.39 cm−1 by the equations y =
0.0061x + 0.1404 (R2 = 0.9388, SE = 0.018) and y = 0.004x +
0.1117 (R2 = 0.9715, SE = 0.009), respectively. For the qualita-
tive determination of lard blended with chicken body fat (CF),
the FTIR spectral bands in the frequency ranges of 3008–3000,
1418–1417, 1385–1370, and 1126–1085 cm−1 were employed.
Semiquantitative determination by measurement of the ab-
sorbance at 3005.6 cm−1 is proposed, using the equation y =
0.0071x + 0.1301 (R2 = 0.983, SE = 0.012). The percentage of
lard in lard/GF blends was also correlated to the absorbance at
1417.85 cm−1 (y = 0.0053x + 0.0821, with R2 = 0.9233, SE =
0.019) and at 1377.58 cm−1 (y = 0.0069x + 0.1327, with R2 =
0.9426, SE = 0.022). For blends of lard with cow body fat (CBF)
bands in the range 3008–3006 cm−1 and at 1417.8 and 966 cm−
1 were used for qualitative detection. The equation y = –0.005x
+ 0.3188 with R2 = 0.9831 and SE = 0.0086 was obtained for
semiquantitative determination at 966.22 cm−1.
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Lipid is a major component of the human diet, contributing
up to 40% of the calories in the diet of the developed coun-
tries. In the United Kingdom, meat lipids in situ or after ren-
dering and processing constitute one-third of the total dietary
lipid consumption (1). The Codex Alimentarius (2) specified
that all edible animal fats must come from animals fit for
human consumption and stated some analytical identity stan-
dards for four products from animal sources. Lard is com-
monly blended in edible oil/fat products like butter and short-
ening (3). Although a number of investigations have been car-
ried out by several research groups to develop analytical
πmethods for detection of animal body fats in ghee or butter
(4–7), methods are available, and most are either difficult to
perform or time-consuming. 
DeMan (8) reported that the fatty acid composition of lard
differed from that of cow body fat in C16:1, C18:3, C20:0, and
C20:1, and from that of chicken fat in C12:0, C18:3, C20:0, and
C20:1. Enser (1) reported that lard differed from lamb body fat
in C14:0, C16:1, C18:2, and C18:1t. However, the differences are
too small to allow fatty acid composition to be used as an indi-
cator. In a few cases, methyl ester analysis by gas–liquid chro-
matography (GLC) can be employed to detect vegetable oil
adulteration with animal fats by measurement of the C17:0 and
C17:1 fatty acids. However, the GLC results should be inter-
preted with care, because a very few vegetable oils, such as In-
dian sesame seed oil, may contain C17:0 or C17:1 acids (9).
DeMan (8) showed that lard and chicken fats were significantly
different in the diunsaturated and triunsaturated triacylglycerols
(TAGs). Because lard contains a high percentage of saturated
fatty acids in the 2-position of the TAGs compared to other ani-
mal fats, determination of the fatty acids in the 2-position can
be used to detect the presence of lard in other animal fats (10).
TAG profiles obtained by high-pressure liquid chromatography
(HPLC) may indicate adulteration of lard by beef tallow de-
pending on the fatty acids in the 2-position of the TAGs [ac-
cording to Kirk and Sawyer (11)]. Foreign fats can be deter-
mined in lard by the Boemer number method (12), which is
based on the difference between melting points of TAGs and
fatty acids, which is large for pure pork fat and small for beef
tallow and similar fats. Haryati (13) found that differences in
TAG group composition in fats are reflected on the differential
scanning colorimetry (DSC) thermograms. Detection of animal
body fat in ghee and butter using DSC has been reported by
Lambelet (4) and Lambelet et al. (5) and by Coni et al. (6), re-
spectively. A recent study by Tan and Che Man (14) showed
that the DSC heating and cooling curves of edible oils can be
used in qualitative and quantitative ways for identification of
edible oils.
The use of Fourier transform infrared (FTIR) spectroscopy
in the analysis of edible fats and oils has been described by
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van de Voort and co-workers (15–18) and Che Man and co-
workers (19–24). Guillen and Cabo (25) used FTIR spec-
troscopy to characterize edible oil and lard. The present study
was conducted to investigate the possibility of detection of
lard mixed with other animal fats such as lamb, chicken, and
cow body fats using FTIR spectroscopic techniques. 
MATERIALS AND METHODS
Sample preparation. Adipose tissues from various parts of
slaughtered pigs (lard), cows, lambs, and chickens were ob-
tained from a local market. The tissues were cut into small
pieces, mixed, melted at 90–100°C (26), and strained through
a triply folded muslin cloth. The melted fat was centrifuged
at 3000 rpm (Kubota model 2010, Tokyo, Japan) for 20 min.
The fat layer was decanted into a test tube containing anhy-
drous sodium sulfate (Na2SO4), shaken well, centrifuged
again, and then decanted through Whatman filter paper con-
taining anhydrous Na2SO4. The filtered sample immediately
analyzed or kept in a tightly closed container under a nitro-
gen blanket in the refrigerator. 
Lard was mixed with each of the other melted animal fats
[lamb body fat (LBF), cow body fat (CBF), and chicken body
fat (CF)] by weight to cover the range of 0–35% lard. The
pure fats and the blends were analyzed by means of FTIR
spectroscopy.
Instrumentation/spectral acquisition. After vigorous shaking
of each sample using an Autovortex Mixture SAI (Stuart Scien-
tific, Redhill, United Kingdom), a few drops were sandwiched
between clean and dry sodium chloride (NaCl) windows. A
polytetrafluoroethylene (PTFE) spacer was placed between the
windows to give a fixed pathlength of 0.1 mm. After the spec-
trum of the sample was scanned, the NaCl windows were rinsed
at least three times with pure acetone and then dried. Spectral
acquisition was carried out using a Perkin-Elmer 1650 series
FTIR spectrophotometer (Perkin-Elmer Corporation, Norwalk,
CT) equipped with a deuterated triglycine sulfate (DTGS) de-
tector and connected to a Perkin-Elmer model 7300 professional
computer operating under Infrared Data System (IRDM) soft-
ware. FTIR data were collected by co-adding 64 scans at a reso-
lution of 4 cm−1 with strong apodization over the region
4000–600 cm−1. All spectra were ratioed against a background
air spectrum and stored as absorbance values at each data point.
The WindowsTM-based software program Spectrum Lite version
1.4 (Perkin-Elmer) was used to obtain the frequency of each
band using the “label peaks” command of the software or using
the vertical cursor by moving it to find the frequency at the max-
imum absorbance for the selected band. A simple Beer’s law ap-
proach was developed for mathematical treatment of the FTIR
data. The assessment of accuracy was based on the standard
error (SE) and the coefficient of determination (R2) (27).
RESULTS AND DISCUSSION
Lamb body fat. Figure 1 shows the FTIR spectra of  LBF and
lard. The spectra illustrate the dominant spectral features as-
sociated with fats and oils (28–29): CH stretching absorptions
in the frequency range of 3050–2800 cm−1, the carbonyl
absorption of the triacylglycerol ester linkage at 1746–1744
cm−1, and the bands associated with the fingerprint region
(1500–1000 cm−1). Differences between the raw spectra of
LBF and lard are observed in four frequency ranges:
3009–3000, 1418–1417, 1119–1096, and 968–966 cm−1.
These four regions are illustrated in Figure 1 as a, b, c, and d,
respectively. 
(i) Frequency range 3009–3000 cm−1. Figure 2 illustrates
the difference between the spectra of LBF and lard in the fre-
quency range 3009–3000 cm−1 (a in Fig. 1). The lard spec-
trum (A) has a sharp band at 3008.69 cm−1, whereas the LBF
spectrum (H) has a shoulder peak at lower frequency
(3001.75 cm−1). Spectra B–G in Figure 2 represent lard/LBF
blends containing 5–30% lard. Bands in region a are due to
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FIG. 1. Fourier transform infrared (FTIR) spectra of (A) pure lard and (H)
pure lamb body fat (LBF). The labeled peaks are absorption bands that
are significant in differentiating between lard and LBF.
FIG. 2. FTIR spectra of (A) pure lard, (B)–(G) lard/LBF blends, and (H)
pure LBF, illustrating changes in the frequency value of the band in the
region 3009–3000 cm−1 (a, Fig. 1). The percentages of lard in the blends
are (B) 30, (C) 25, (D) 20, (E) 15, (F) 10, and (G) 5%. See Figure 1 for
abbreviations.
the CH stretching vibration of cis double bonds (25, 30 and
31); accordingly, fats with a high proportion of linolenic or
linoleic acyl groups show a higher frequency for this band
than fats with a high proportion of oleic acyl groups. Thus,
the frequency shifts in Figure 2 are consistent with the fatty
acid compositions of lard and LBF (1), since LBF is high in
oleic and lower in linoleic and linolenic compared to lard. A
semiquantitative assessment is proposed based on the varia-
tion in frequency as a function of the percentage of  lard in
the blends with LBF. The data shown in Table 1 are plotted in
Figure 3 and fitted by the equation y = 0.1616x + 3002.1 with
an R2 of 0.9457 and an SE of 1.23, where y is the frequency of
the absorption maximum within the range 3009–3000 cm−1, and
x is percent lard in the blends with LBF (covering the range
of 0–30%, w/w). 
(ii) Frequency range 1418–1417 cm−1. The FTIR spectrum
of LBF has no peak in the frequency range 1418–1417 cm−1
whereas that of lard has a clear one as illustrated in Figures 1
and 4 (peak b). In the spectra of lard/LBF blends, this peak
showed increasing in absorbance with increasing percent lard
in the blend (Table 2). However, the arithmetic band (+) (the
band of spectrum that appears as a result of adding spectrum
of pure lard to that of LBF) has higher absorbance (0.39) than
the pure lard band (A) (0.30), and the difference band (−) (the
band of spectrum that appears as a result of subtracting LBF
spectrum from the pure lard) has lower absorbance (0.03) than
the LBF band (H) (0.15), which may indicate the presence of
fewer long-chain fatty acids in the composition of LBF than
in lard. This result is consistent with the fatty acid composi-
tions of these fats given in a review by Enser (1). Using the
data in Table 2, the equation y = 0.0061x + 0.1404 was ob-
tained for semiquantitative determination of percent lard in
lard/LBF blends with an R2 of 0.9388 and SE of 0.018 (Fig. 5).
(iii) Frequency range 1119–1096 cm−1. In the frequency
range of 1119–1096 cm−1, lard showed two overlapping peaks
having maxima at 1118.69 and 1100.03 cm−1 (c in Fig. 1).
These peaks have been found to be inversely related to the
proportion of saturated acyl groups and oleic acyl groups, re-
spectively (28). Figure 6 shows that this region could be used
for qualitative determination, whereby the spectra of
lard/LBF blends containing more than 10% lard show two
overlapping peaks, but those of blends containing 10% or less
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FIG. 3. Frequency value of band a (Figs. 1 and 2) in the FTIR spectra of
LBF and lard/LBF blends containing up to 30% lard (w/w) vs. % lard.
See Figure 1 for abbreviations.
FIG. 4. FTIR spectra of (A) pure lard, (B)–(G) lard/LBF blends, and (H)
pure LBF, illustrating changes in the absorbance value of the band in
the region 1418–1417 cm−1 (b, Fig. 1). +, Arithmetic spectrum; –, dif-
ference spectrum. See Figure 1 for abbreviations; see Figure 2 for com-
positions of the blends.
TABLE 1  
Band Frequencies in the Fourier Transform Infrared (FTIR) Spectra of
Lamb Body Fat (LBF), Lard and Their Blends in Region a (3009–3000
cm−1) 
Spectruma % Lard Frequency (cm−1)b
A 100 3008.69 ± 0.09
B 30 3006.38 ± 0.08
C 25 3006.22 ± 0.04
D 20 3005.58 ± 0.04
E 15 3005.22 ± 0.08
F 10 3003.48 ± 0.08
G 5 3002.90 ± 0.07
H 0 3001.75 ± 0.05
aLetters refer to spectra in Figure 2.
bMean ± standard deviation of two replicates.
TABLE 2 
Absorbance Values in the FTIR Spectra of LBF, Lard, and Their Blends
in Region b (1418–1417 cm−1)a
Spectrumb % Lard Absorbancec
+ — 0.39
A 100 0.30 ± 0.08
B 30 0.31 ± 0.05
C 25 0.29 ± 0.04
D 20 0.29 ± 0.06
E 15 0.24 ± 0.04
F 10 0.18 ± 0.05
G 5 0.16 ± 0.03
H 0 0.15 ± 0.03
– — 0.03
aSee Table 1 for abbreviations.
b+, arithmetic spectrum; –, difference spectrum. Letters refer to spectra in
Figure 4.
cMean ± standard deviation of two replicates.
show one broad band as in the spectrum of pure LBF (H).
However, as shown in Figures 6 and 7, the arithmetic spec-
trum (+) exhibits higher absorbance (0.72) than the spectrum
of pure lard (A) (0.45), and the difference spectrum (-) shows
lower absorbance (0.09) than the spectrum of pure LBF (H)
(0.27). From the above results, it can be concluded that both
lard and LBF contain saturated and oleic acyl groups in their
structures, but the different relative proportions of these
groups in the two fats allow for the qualitative determination
of 10 ± 3.0% lard in LBF.
(iv) Frequency range 968–966 cm−1. The LBF spectrum
(H) showed a clear band at 966.39 cm−1 (peak labeled in Figs.
1 and 8), which is known to be due to the C=C-H bending vi-
bration of trans double bonds (32,33), whereas the lard spec-
trum (A) has no clear band in this region. However, the ab-
sorbance in the lard spectrum is equal to or slightly higher
than that in the pure LBF spectrum. The band in the same re-
gion 975–965 cm−1 in the IR spectrum is the basis of the
AOCS official method for determination of trans groups (34).
As illustrated in Figure 8, the spectra of the lard/LBF blends
showed higher absorbance than the pure LBF spectrum,
which indicates that the lard contains some trans double
bonds in its composition. The absorbance in this region could
be used for semiquantitative determination of the percent  lard
in the lard/LBF blends using the following equation obtained
from Figure 9 with an R2 of 0.9715 and an SE of 0.009: y =
0.004x + 0.1117, where y is the absorbance at 966.39 cm−1
under the conditions of the test, and x is percent lard in the
blend (range ~– 0.0–35% w/w).
The four frequency ranges mentioned above (a, b, c,  and d)
are illustrated in Figure 10, which shows the full spectra for all
blends.
Chicken body fat (CF). Figure 11 shows the spectra of lard
(A) and CF (P). They exhibit differences in four frequency
ranges: a, 3008–3000; b, 1418–1417; e, 1385–1370; and c,
1126–1085 cm−1.
(i) Frequency range 3008–3000 cm−1. As illustrated in
Figure 12, in the frequency range 3008–3005 cm−1, the sharp
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FIG. 5. Absorbance value of band b (Figs. 1 and 4) in the FTIR spectra
of LBF and lard/LBF blends containing up to 30% lard (w/w) vs. % lard.
See Figure 1 for abbreviations. FIG. 7. Expanded view of region c in Figure 6.
FIG. 6. FTIR spectra of (A) pure lard, (B)–(G) lard/LBF blends, and (H)
pure LBF, illustrating changes in the absorbance value of the band in
the region 1119–1096 cm−1 (c, Fig. 1). +, Arithmetic spectrum; -, differ-
ence spectrum. See Figure 1 for abbreviations; see Figure 2 for compo-
sitions of the blends.
FIG. 8. FTIR spectra of (A) pure lard, (B)–(G) lard/LBF blends, and (H)
pure LBF, illustrating changes in the absorbance value of the band in
the region 968–966 cm−1 (d, Fig. 1). +, Arithmetic spectrum; –, differ-
ence spectrum. See Figure 1 for abbreviations; see Figure 2 for compo-
sitions of the blends.
peak observed for pure lard (A) decreases in intensity as the
proportion of lard in lard/CF blends decreases (from J to O),
becoming a shoulder peak in the spectrum of pure CF (P). The
equation y = 0.0071x + 0.1301 (where y is the absorbance and
x is percent lard), obtained from the plot in Figure 13, could
be used for semiquantitative determination of the percentage
of lard in lard/CF blends with, R2 and SE of 0.983 and 0.012,
respectively. 
(ii) Frequency range 1418–1417 cm−1. In this frequency
range, the pure lard spectrum (A) has a sharp peak 1417.85 
cm−1 (peak b) with an absorbance of 0.25 whereas the pure CF
spectrum (P) has no peak (Fig. 14). For the blends, the peak
starts to appear at a lard content of 10% (Table 3). Figure 15
shows a plot of the absorbance of this peak vs. percent lard with
R2 = 0.9233. This relationship could be used for semiquantita-
tive analysis of lard in blends with CF up to 35% (w/w) with
lard, an SE of 0.019. The equation of the line is y = 0.0053x +
0.0821, where y is the absorbance at 1417.85 cm−1. and x is per-
cent lard. 
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FIG. 9. Absorbance value of band d (Figs. 1 and 8) in the FTIR spectra
of LBF and lard/LBF blends containing up to 30% lard (w/w) vs. % lard.
See Figure 1 for abbreviations.
FIG. 12. FTIR spectra of (A) pure lard, (J)–(O) lard/CF blends, and (P)
pure CF, illustrating changes in the absorbance value of the band in the
region 3008–3000 cm−1 (a, Fig. 11). The percentages of lard in the
blends are (J) 30, (K) 25, (L) 20, (M) 15, (N) 10, and (O) 5%. See Figures
1 and 11 for abbreviations.
FIG. 13. Absorbance value of band a (Figs. 11 and 12) in the FTIR spec-
tra of CF and lard/CF blends containing up to 35% lard (w/w) vs. % lard.
See Figures 1 and 11 for abbreviations.
FIG. 10. FTIR spectra of (A) pure lard, (B)–(G) lard/LBF blends, and (H)
pure LBF. +, Arithmetic spectrum; –, difference spectrum. The labeled
peaks (a–d) are absorption bands that were used in the determination
of lard in lard/LBF blends. See Figure 1 for abbreviations; see Figure 2
for compositions of the blends.
FIG. 11. FTIR spectra of (A) pure lard and (P) pure chicken body fat (CF).
The labeled peaks are absorption bands that are significant in differen-
tiating between lard and CF. See Figure 1 for abbreviation.
(iii) Frequency range 1385–1370 cm−1. Both lard and CF
spectra have peaks in this region, but the peak in the pure lard
spectrum (A), is high in absorbance and sharp at 1377.58 cm−1,
whereas the peak in the pure CF spectrum (P) is flat (broad)
and has no shoulder (Fig. 14). The absorbance values in this
region in the spectra of lard, CF, and their blends are shown
in Table 3. A semiquantitative determination of lard in
lard/CF blends is suggested in Figure 16, from which the
equation y = 0.0069x + 0.1327, with R2 and SE of 0.9426 and
0.022, respectively, was obtained, where y is the absorbance
at 1377.58 cm−1, and x is percent lard in blends with CF cov-
ering the range 0–35% (w/w). 
Frequency range 1126–1085 cm−1. As shown in Figure 17,
in this frequency range the spectra of lard/CF blends look
very similar to those of blends of lard with LBF. The pure lard
spectrum (A) shows two overlapping peaks at 1100–1099 and
1116.64 cm−1 with a maximum absorbance of 0.45, whereas
the pure CF spectrum (P) has one broad band in the region
between 1117 and 1099 cm−1 with a maximum absorbance of
0.23. The latter band appears in the spectra of the blends con-
taining up to 10% lard (N), but the spectrum of the 15% lard
sample (M) shows the two overlapping peaks, which become
much more clearly discerned at higher lard levels (up to
35%). However, changes in absorbance did not correlate well
enough with the percent lard or CF in the blends to be used
for quantitative analysis.
The four frequency regions mentioned above (a, b, c, and
e) are illustrated in Figure 18, which shows the full spectra
for all blends.
Cow body fat. Figure 19 shows the spectra of lard (A) and
CBF (Q). In the frequency range 3008–3005 cm−1, the CBF
spectrum has a small or shoulder peak with an absorbance of
0.33 ± 0.04 whereas the lard spectrum has a clear, sharp peak
with high absorbance (0.35 ± 0.02). The second difference
between the two spectra is band b at 1417.8 cm−1 for the lard
spectrum whereas CBF has no clear band as illustrated in Fig-
ure 21, which can be attributed to rocking vibrations of CH
bonds of cis-disubstituted olefins (25,31). The third differ-
ence is the presence of a sharp peak at 966 cm−1, due to the
trans C=CH (peak d) in the CBF spectrum (Q) whereas no
clear band is observed in the lard spectrum (A).
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FIG. 14. FTIR spectra of (A) pure lard, (J)–(O) lard/CF blends, and (P)
pure CF, illustrating changes in the absorbance values of the bands at
1417.85 cm−1 (b, Fig. 11) and 1377.58 cm−1 (e, Fig. 11). See Figures 1
and 11 for abbreviations; see Figure 12 for compositions of the blends.
FIG. 15. Absorbance value of band b (Figs. 11 and 14) in the FTIR spec-
tra of CF and lard/CF blends containing up to 35% lard (w/w) vs. % lard.
See Figures 1 and 11 for abbreviations.
FIG. 16. Absorbance value of band e (Figs. 11 and 14) in the FTIR spec-
tra of CF and lard/CF blends containing up to 35% lard (w/w) vs. % lard.
See Figures 1 and 11 for abbreviations.
TABLE 3 
Absorbance Values in the FTIR Spectra of Chicken Body Fat, Lard, 
and Their Blends at 1417.85 cm−1 and 1377.58 cm−1a
Absorbancec:
Spectrumb % Lard 1417.85 cm−1 1377.58 cm−1
A 100 0.30 ± 0.08 0.37 ± 0.07
I 35 0.29 ± 0.05 0.40 ± 0.05
J 30 0.24 ± 0.03 0.35 ± 0.03
K 25 0.22 ± 0.04 0.30 ± 0.04
L 20 0.16 ± 0.05 0.24 ± 0.02
M 15 0.14 ± 0.02 0.21 ± 0.03
N 10 0.13 ± 0.03 0.20 ± 0.02
O 8 0.12 ± 0.02 0.18 ± 0.04
— 5 0.11 ± 0.02 0.19 ± 0.01
P 0 0.11 ± 0.02 0.15 ± 0.05
aSee Table 1 for abbreviation.
bLetters refer to spectra in Figure 14.
cMean ± standard deviation of two replicates.
(i) Frequency range 3008–3001 cm−1. Band a at 3008–
3005 cm−1 could be used for qualitative analysis to differenti-
ate between pure lard and pure CBF on the basis of the spec-
tral differences seen in Figure 19, as described above. How-
ever, despite the variations in the spectra of lard/CBF blends
in this region (a in Fig. 20), these changes are not correlated
to the blend ratio and, therefore this region is not suitable for
analysis of mixtures.
Frequency range 1418–1417 cm−1. As can be seen in Fig-
ure 21, this region (denoted b in Fig. 20) can be used for qual-
itative determination of lard in lard/CBF blends covering the
range of 0–35% (w/w) lard. However, the absorbance values
or peak frequencies in this region do not correlate well
enough to blending ratio to be used for quantitative determi-
nation. 
(iii) Frequency range 968–965 cm−1. Qualitatively it is
easy to differentiate between the FTIR spectra of lard and
CBF in this region (Fig. 22), because the latter spectrum has
a clear band (d) at 966.22 cm−1, due to the trans fatty acid
content in CBF (1), whereas lard shows no peak at this fre-
quency. Measurement of the absorbance at this frequency in
the spectra of lard/CBF blends (Table 4) could be used for
quantitative determination of lard. The equation obtained
from the plot shown in Figure 23 is y = –0.005x + 0.3188 with
R2 and SE of 0.9831 and 0.0086, respectively. As seen in Fig-
ures 20 and 23, when the ratio of lard to CBF increases, the
absorbance decreases, showing the lower content of trans
fatty acids in lard than in CBF. In the study by Guillen and
Cabo (25), there is no mention of any peak at 966 cm−1 in the
spectrum of lard. 
The use of FTIR spectroscopy in this study offers a rapid,
consistent, reproducible, and cost-effective analytical tech-
nique that could be used as a quality control measure for ani-
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FIG. 17. FTIR spectra of (A) pure lard, (J)–(O) lard/CF blends, and (P)
pure CF, illustrating changes in the absorbance values of the band in
the region 1126–1085 cm−1 (c, Fig. 11). See Figures 1 and 11 for ab-
breviations; see Figure 12 for compositions of the blends.
FIG. 19. FTIR spectra of (A) pure lard and (Q) pure cow body fat (CBF).
The labeled peaks are absorption bands that are significant in differen-
tiating between lard and CBF. See Figure 1 for abbreviation.
FIG. 20. FTIR spectra of (A) pure lard, (R)–(W) lard/CBF blends, and (Q)
pure CBF. The percentages of lard in the blends are (R) 10, (S) 15, (T)
20, (U) 25, (V) 30, and (W) 35%. The labeled peaks (a, b, and d) are
absorption bands that were used in the determination of lard in
lard/CBF blends. See Figures 1 and 19 for abbreviations.
FIG. 18. FTIR spectra of (A) pure lard, (J)–(O) lard/CF blends, and (P)
pure CF. The labeled peaks (a, b, c, and e) are absorption bands that
were used in the determination of lard in lard/CF blends. See Figures 1
and 11 for abbreviations; see Figure 12 for compositions of the blends.
mal fats in their neat form. An additional benefit of using this
FTIR spectroscopic method is that the tedious time- and
chemical–consuming standard chemical methods can be
avoided. The study could be extended by using specific sam-
pling regarding, for example, the age of the animal, sex, diet,
and different sites (e.g., rump, belly, perirenal, intermuscular)
and also by including other types of fats and oils, such as milk
fats and vegetable oils. Once the database is established and
the model developed, each individual analysis can be
achieved in about 2 minutes. Thus, FTIR spectroscopy has
potential as a rapid method for the authentication of animal
fats and/or detection of adulteration of fats. 
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